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Rapid Spheroidization Annealing Technique of Structural
Steel Wire Rod

Tsuyoshi INOUE, Tetsuo SOSHIRODA, Koji KANEKO, and Hisashi TAKADA

Synopsis :

A new rapid spheroidization annealing (RASA) method of wire rod has been developed to complete
spheroidization within about 16 minutes. This method consists of two steps. The first step comprises
heating rapidly up to a maximum temperature (T) and cooling down to a temperature below A; (Ty).
In the second step, the wire rod is held about 15 minutes at temperature Ty. Tt has been revealed
that there is an optimum combination of temperatures Ty and Ty for each steel to obtain a sufficiently
spheroidized structure. The mechanism of RASA method is the same as that of conventional spheroi-
dization. There are three different points between the two methods which cause the difference in
duration time. First, the new method adopts rapid heating and cooling. Second, temperature Ty of
the new method is higher than that of the conventional method so as to shorten the austenitizing time.
Thirdly, the holding time at temperature Ty is shortened to suppress the total time within 16 minutes.

The strand heat treatrment is suitable for this method, because the precise control of wire temperature
is essential. The trial of RASA treatment adopting the strand treatment has been performed using gas
furnace and induction furnace, and the good upsettability of treated wire has been confirmed.

Furthermore, the trial production of hexagon headed bolts using RASA treated wire has been done.
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Table 1. Chemical composition of steels (wt%).
Mark Steel C Si Mn P S Cr Note
a S40C 0.38 0.22 0.73 0.023 0.010 for fundamental tests
b SCr440 0.36 0.25 0.73 0.026 0.015 1.01
c S40C 0.39 0.26 0.76 0.023 0.022 for practical tests using gas furnace
d SCr440 0.40 0.24 0.73 0.025 0.015 1.03
e S40C 0.41 0.21 0.74 0.023 0.017 for practical tests using induction furnace
f SCr440 0.42 0.26 0.67 0.014 1.04

0.027

temperature

time
Ty : Maximum temperature
Ty : Temperature of isothermal transformation
71 : Heating rate (300°C/min)
r2 : Cooling rate (100°C/min)
tg : Hold time at Ty (30min)
Fig. 1. Schematic of rapid spheroidization
annealing (RASA) treatment.
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Fig. 2. Schematic of gas furnace for strand
heat treatment.
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Fig. 3. Geometries of specimens for upsetting test,
a) is for upsetting load measurement and b) is for
measurement of critical crack opening reduction.
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a) Ty=750°C, Ty=700°C
d) Ty=840°C, Ty=700C°
Photo. 1.
temperature combinations.
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¥ig. +. Ty-Ty-hardness relationship of 540C
steel after RASA treatment.
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Microstructures of S40C steel after RASA treatment with various Ty and Ty
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Photo. 2. Optical micrographs of S40C steel after heat

treated as shown in a).
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Fig. 5. Schematic of Ty-Tgy-structure relationship
of S40C steel after RASA treatment.
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a) Ty=790°C, Tg— 720°c
d) Ty=820°C, Tg=700°C
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Photo. 3. Two step replica photomicroscopy of SCr440 steel after RASA treatment.
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Fig. 6. T\-Ty-hardness relationship of SCr440
steel after ARSA treatment.
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Fig. 7. Schematic of T'y-Tg-structure relationship
of SCr440 steel after RASA treatment.
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a) S40C steel b) SCr440 steel
Fig. 8. Heat treatment applied to steels using
30m-length gas furnace.
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Fig. 9. Comparison of upsettability between RASA
treatment and conventional spheroidization a) and
b) indicate relationships between force and redu-
ction, fraction of crack opened specimens and re-
duction respectively.
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Table 2. Mechanical properties of hexagon head bolts manufactured from RASA tfeated wire.

Tensile test (type 14A) Wedge test (10°) Hitting test Class
Steel YP TS El RA TS Fracture (10°) (1SO)
Observed 84 90 20 66 91 body OK
S40C 8.8
Standard >65.3 >81.6 >12 >81.6 body No fructure
Observed 93 102 20 64 100 body OK
SCr440 9.8
Standard >73.4 >91.8 >10 >91.8 body No fructure
YP, TSeeeeee kgf/mm? EL, RA---- %
a) S40C  ty=15min 1. & =

S70r 19 0

- 0 ]
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b) $Cr440 t=15min
' o O
0 0
780 2 0O
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Fig. 10. Upsettability of RASA treated steels
(using induction heating). Figures indicate

fraction of crack opened specimens (l/d=2,
reduction=_85%)
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